Background: Musculoskeletal disorders (MSDs) are the main reason for morbidity during military training. MSDs commonly result in functional impairment leading to premature discharge from military service and disabilities requiring long-term rehabilitation. The purpose of the study was to examine associations between various risk factors and MSDs with special attention to the physical fitness of the conscripts.
Background
Musculoskeletal injuries and disorders are the main reason for morbidity and temporary disability in military populations [1, 2] . Health clinic visit rates are approximately equal for injuries and illnesses in the military environment, but the morbidity associated with injuries is over five times greater than that associated with illness [1, 3, 4] . A recently published hospital discharge registerbased study emphasises that injuries are a major cause of morbidity in the Finnish Defence Forces [2] . During the 10-year study period, the incidence of traumatic injury hospitalisation was 94 per 1000 conscripts per year. Moreover, musculoskeletal disorders (MSDs) are the second highest reason for premature discharge from military service in the Finnish Defence Forces, and their number increased clearly at the turn of the millennium [5] . Military service in Finland is compulsory for all male citizens over 18 years of age, the duration varying from six to twelve months. Given that 80% of young men in Finland complete their service period, the high number of MSDs affects public health [2] .
Previous epidemiological studies report that several risk factors are associated with injuries during military training. These include, amongst others: female gender [6] [7] [8] [9] , Caucasian race [10] [11] [12] , biomechanical factors such as foot structure and flexibility [1, 7, 11] , previous history of injury, high running mileage, high amount of weekly exercise [3, 4, [13] [14] [15] [16] [17] , tobacco use [7, 11, 18, 19] and low levels of physical fitness and activity [3, 7, 10, 14, [20] [21] [22] [23] [24] . The evidence is contradictory, however, with respect to some factors, including age, foot structure, muscular strength and body composition [3, 6, 7, 11, 12, 21, 24, 25] . Older age is associated with a higher risk for injuries in most studies [1, 8, 11, 21, 24, 26] , but conflicting results are also reported [3, 25, 27] . Despite the large number of injuries, there is a lack of epidemiological data concerning the causes and risk factors for musculoskeletal injuries or disorders during conscription military service [9] . In addition, the study populations have been rather small with a short follow-up time [21, 23, 26, 28] . Professional soldiers in the United States (US) have been the major target of injury research in the army environment [1, 3, 4, 10, 11] , but these results are not directly comparable with those of a conscription army. The number of conscripts, their quality and motivation, as well as practices and training schedules differ substantially in the professional army.
The purpose of the present prospective six-month follow-up study of two successive arrivals was to examine associations between MSDs and various intrinsic risk factors with special attention to the physical fitness of the conscripts. The general hypothesis is that low levels of physical fitness and detrimental health behaviour factors prior to conscription are associated with MSDs during military training.
Methods

Subjects
The subjects of this study comprised male conscripts (N = 944) from six companies of one brigade (Pori Brigade, Säkylä) in the Finnish Defence Forces. The six companies enrolled into the study were: the anti-tank company, the signal company, the mortar company, the engineer company, the infantry company and the logistic company. In addition, 16 conscripts in the sample were moved to different brigades. During the study period, two arrivals of conscripts started service in the brigade: 359 in July 2006 and 619 in January 2007. The Pori Brigade is a typical Finnish garrison and the chosen companies form a representative sample of conscripts. The baseline characteristics of the companies are presented in Table 1 .
The health status of the conscripts was checked during the first two weeks of service by routine medical screenings performed by a physician. Five participants were discharged temporarily (for at least 12 months) and one was discharged permanently from the military service for medical reasons. Because there were only eight women in the study (<1%), they were excluded from the data. In addition, one conscript applied for postponement of the service during the first two weeks and one patient record was missing. Eighteen (<2%) of 962 conscripts refused to participate in the study ( Figure 1 ). All of the remaining conscripts (N = 944) agreed to participate and provided their informed consent before the initiation of the study. The group of participants was nearly the same as in a previous descriptive study by the same authors [29] . The age of the conscripts varied from 18 to 28 years (median 19). All subjects were followed for six months beginning on the first day of service. Conscripts who were discharged from the military after the two-week run-in period were included in the study and discharges were taken into account when calculating exposure times. Approval for the study protocol was obtained from the Ethics Committee of Pirkanmaa Hospital District on 11 April 2006.
Physical training programme
At the beginning of military service, conscripts performed eight weeks of basic training consisting of varying physical activities, including marching, cycling, skiing, orienteering, swimming, drill training and combat training, or other training involving moderate or heavy physical loading. There was an average of 17 hours of military training per week with a gradual increase in intensity. During combat training and marching, conscripts usually carry approximately 26 kg to 36 kg of personal military equipment and, occasionally, an additional 5 kg to 20 kg of team military equipment. In addition, conscripts performed other physical exercises, such as jogging, team sports, and circuit training, for an average of seven hours per week. The basic training period was followed by diverse training programmes depending on the company and service duration. Over the following four months of service, however, the amount of moderate and highintensity physical training was maintained approximately at the same level in the different companies.
Musculoskeletal disorder registration
The data of the first arrival were collected from July 10 th 2006 to January 5 th 2007 and for the second arrival from January 8 th 2007 to July 6 th 2007. A musculoskeletal disorder (MSD) (including overuse and acute injuries) was defined as an event that resulted in physical damage to the body for which the conscript sought medical care 7 Graduated or studies in higher education institution. 8 Sweating exercise at least three times per week during the last month before military entry. 9 Compared to age-mates. 10 Symptoms lasting more than seven days in at least one anatomical region during the last month before entering the military.
from the garrison clinic. Heat or cold injuries were not included in the analysis. Only those wounds that were direct consequences of musculoskeletal contusions were considered MSDs. During military service, all conscripts had to use the services of the military healthcare units. The date, anatomical location, type, aetiological circumstances, severity and diagnosis of each MSD were registered in electronic patient records. Because the conscripts may have sought medical care several times due to the same MSD, the total number of health clinic visits exceeded the number of MSDs ( Table 2 ). The health clinic visits were considered to be for the same disorder when the conscript had sustained an MSD of the same type and location during the preceding two weeks or if a physician had marked on the patient files that the reason for the visit was related to the previous MSD. The type of MSD was categorised as acute if the MSD had a sudden onset involving known trauma. Overuserelated MSDs had a gradual onset without known trauma [30, 31] . For instance, overuse conditions of the knee, shin, ankle and foot were categorised as lower limb overuse injuries, whereas sprains, strains, wounds, internal knee ligament ruptures and joint dislocations were typically categorised as acute injuries.
Disorders that occurred during the conscript's leisure time or on the way to vacation or back to garrison were also included. After careful clinical examination, necessary diagnostic tests and radiological graphs, the most accurate diagnosis was selected by a physician according to the 10th Revision of the International Classification of Diseases and Related Health Problems (ICD-10). The type and anatomical location of the MSD was reported according to the diagnosis. The severity of the MSD was categorised according to the number of days of limited duty: 1-3 days denoting minimal, 4-7 days mild, 8-28 moderate MSD and more than 28 days severe MSD [31] . Limited duty involved a physical restriction that prevented the conscript from fully participating in military training events. Release from military service was indicated when a physician determined a conscript unable to continue military training. Releases from military service due to musculoskeletal injuries were registered as severe MSDs.
Assessment of physical fitness
A Cooper's test (12-minute running test) and muscular fitness tests were performed by most (98%) conscripts during their first weeks of military service. A minority of conscripts (2%) were unable to complete their physical fitness tests during the first two weeks due to minor health problems, such as infections or overuse injuries. Muscular fitness tests and the 12-minute run test were performed on different days. Muscular fitness tests included push-ups, sit-ups, pull-ups, the standing long jump and a back-lift test [32] . Instructors of the companies supervised so that each test was performed technically correctly. The recovery time between each muscle test was at least five minutes. For the pull-up, a conscript was required to raise his chin over a bar and then return to the starting point with elbows fully extended. For the standing long jump, a conscript started the jump with legs close to each other and bilateral take-off was assisted by swinging of the upper body and arms. The landing was bilateral and shortest distance expressed in metres from the landing to the starting point was measured. For the sit-up, a conscript was lying on the floor supine with hands behind the neck. The knees were flexed at an angle of 90°, and an assistant supported the ankles. The conscript raised the upper body until his elbows touched the knees and then returned to the starting position where both scapulas touched the floor. For the push-up, a conscript was first required to fully extend his arms while keeping the body straight with tensed trunk muscles. In the second phase, the body was lowered to the down position with an elbow angle of 90°. For the back lift, a conscript lay prone on the floor with hands behind the neck in the starting position and an assistant supported the legs. During the movement, the upper body was lifted until the scapulas were approximately 30 cm higher than in the starting point. Thereafter, the upper body was lowered down back to the starting position. More detailed information about physical fitness tests is presented in Figures 2, 3 , 4, 5 and 6.
To calculate the muscle fitness index (MFI), the points from individual muscle fitness test results (push-ups, situps, pull-ups, standing long jump, and back lift) were added together (Excellent = 13-15 points, Good = 9-12 points, Fair good = 5-8 points, Poor = 0-4 points). Poor result in individual muscle fitness test equated to zero points, a fair good result to one point, a good result to two points and an excellent result to three points. A conscript's physical fitness index (CPFI) was calculated using the following formula: (12 min running test result (metres) + 100 × MFI)/200 (Table 1, see footnotes 5 and 6). These formulas are based on standard practice in the Finnish Defence Forces since 1982 [33] . Because excellent results in Cooper's test were uncommon (<4%), the two highest levels, good and excellent, were combined to obtain a group of equal size for comparison. In addition, Cooper's and individual muscle fitness test results were combined into a single variable to explore whether the combined fitness variable, representing co-impairment, would be more strongly associated with the occurrence of MSDs.
Two additional physical fitness tests of motor skill (running a figure of eight and standing on a narrow beam) were performed for study purposes (Figures 7 and 8 ). In addition, height, weight and waist circumference were measured during the first two weeks of service. Body mass index (BMI) was calculated by dividing weight (kilograms) with the square of height (metres). Waist circumference (WC) as a mark of abdominal obesity and excessive visceral fat [34] was measured with a tape at the midway between the lowest rib and iliac crest after normal exhalation. The cut-off points to describe overweight and obesity for BMI and WC were set according to the World Health Organization [35] (Table 3) .
Pre-information questionnaire
A questionnaire was used to determine the conscripts' socio-economic factors (father's occupational group, school success and urbanisation level of the place of residence; Table 4 ), health (self-assessed health compared to age-mates, chronic disease, medication, previous orthopaedic surgeries and sport injuries, chronic impairment or disability and musculoskeletal pain in seven anatomical regions during the last month; Table 3 ) and health behaviour (use of alcohol and tobacco, frequency of drunkenness, opinion about physical demands of a soldier, amount of physical exercise, participation in individual aerobic sports, belonging to a sports club, participation in competitive sports, last degree achieved in school sports and self-assessed physical fitness; Table  5 ) at the baseline of the study just before entry to the military service. The questionnaires were performed during the first week of service.
The school success variable was constructed as a combination of school type attended and grades achieved compared to an intermediate student in the class (Table   4 ), as follows: Excellent, attended an upper secondary school, polytechnic, or university and reported above average grades; Good, attended upper secondary school, polytechnic, or university and reported average or below average grades, or attended vocational schools and had above average grades; Satisfactory, attended vocational school and reported average or below average grades; Poor, attended only comprehensive school or had permanently interrupted vocational or upper elementary school.
Conscripts entering military service were young healthy men, all of whom had a medical check-up by a clinician during the 12 months before entering into the military. At the baseline, musculoskeletal symptoms during the last month before entry were assessed by a questionnaire. The sum factor of different musculoskeletal symptoms was developed by taking into account the questions about musculoskeletal pain and its severity in seven anatomical locations (neck, shoulder, forearm, low back, low back pain with radiation, hip, knee). Based on this factor, three different musculoskeletal symptoms categories were constructed (Table 3) . Conscripts belonging to the 'minimal symptoms' category had symptoms lasting maximally for seven days in one anatomical region. The 'mild symptoms' category included conscripts who had pain in two to six anatomical regions, but the symptoms had not lasted longer than a week. The category of 'clear symptoms at least in one region' comprised the remaining conscripts. Total number, proportions of acute and overuse-related disorders and their incidence and mean number of health clinic visits per disorder are given according to the anatomical location. * Event-based incidence expressed as total number per 1000 person-days Statistical analysis SPSS 17.0 for Windows software (SPSS Inc., Chicago, IL) was used for statistical analysis. MSD incidence was calculated by dividing the number of conscripts with one or more MSDs treated in the garrison clinic (numerator) for MSD by the total number of conscripts (denominator) and expressed as a percentage. Person-based incidence rate was calculated by dividing the number of conscripts treated in the garrison clinic for MSD by the exposure time. Exposure time for person-based incidence rate was calculated until onset of the conscript's first MSD. Eventbased incidence rate was calculated by dividing the total number of MSDs by the exposure time. Exposure time for event-based incidence rate was calculated until the end of follow-up. Time loss due to MSD was allowed for when calculating the exposure time for the event-based incidence rate. The incidences with 95% confidence intervals (CI) were expressed per 1000 person-days. Descriptive statistics were used to analyse the data. To examine differences in the categorical baseline characteristics, the χ 2 statistics was used to test the hypothesis of no difference. Since continuous variables regarding baseline characteristics were not normally distributed, a Kruskall-Wallis test was used to test for a difference between the companies for continuous variables. A P value of < 0.05 was considered statistically significant. Cox's proportional hazard models were applied to study the prospective associations between baseline characteristics and musculoskeletal disorder incidence (MSDI). The primary outcome was defined as an incidence of any type of MSD. The secondary outcome was defined as an incidence of time loss of at least 10 active service days due to one or several MSDs (hereafter referred to as a longterm MSDI). To examine the associations between risk factors and MSDs, continuous variables relating to physical fitness (Table 6 ) and body characteristics (Table 3) were converted into categorical variables. In the first phase of the Cox regression, each independent variable was analysed one at a time (univariate). Results were expressed as hazard ratios (HR) and calculated with 95% CIs with age at baseline forced into the model. A multivariate Cox regression was used to identify independent risk factors for MSDI and long-term MSDI and examine interactions between risk factors. Only possibly significant variables (P < 0.20) in the initial univariate-models were included in the multivariate model: company, father's occupational group, urbanisation level of the place of residence, self-assessed health, opinion about physical demands for a soldier, last degree achieved in school sports, belonging to a sports club and selfassessed physical fitness were included in the multivariate model as possible confounders. Smoking status (previous or current regular smoker), poor baseline medical condition (sports injury during the last month before military entry, chronic impairment or disability due to prior musculoskeletal injury, earlier musculoskeletal symptoms, chronic disease), not participating in individual aerobic sports and low physical activity during the previous three months before military entry were entered into the multivariate model as known risk factors. We considered poor school success (educational level and grades combined), participation in competitive sports, height and high frequency of drunkenness before military service as possible risk factors after univariate modelling and entered these variables into the multivariate model although the literature considering these variables as risk factors of MSDs during military training is sparse. In addition, high waist circumference and older age were considered possible risk factors and were therefore included in the multivariate model although results from previous studies are to some extent conflicting. A P value of < 0.05 was considered statistically significant when 
PULL-UP TEST
Purpose: To measure dynamic endurance of flexor muscles in arm and shoulder.
Method:
The conscript is required to raise his chin over a bar and then return to the starting point with elbows fully extended.
Outcome: Repeats without time limit. Repeats have to be consecutive and intermission in the starting point is not allowed. 
STANDING LONG-JUMP TEST
Purpose: To measure explosive force production of the lower limb extensor muscles as well as motor control.
Method:
The jump starts with legs close to each other and bilateral takeoff is assisted by swinging of the upper body and arms. The landing is bilateral and shortest distance expressed in metres from the landing to the starting point was measured.
Outcome:
The conscript has two attempts and the best result is registered. 
SIT-UP TEST
Purpose: To measure dynamic endurance of abdominal and hip-flexor muscles.
Method:
The conscript is lying on the floor supine with hands behind the neck. The knees are flexed at an angle of 90°, and an assistant supports the ankles (contrary to the picture). The conscript raises upper body until his elbows touches the knees and then returns to the starting position where both scapulas touches the floor. 
Results
Incidence of musculoskeletal disorders
During the one-year study period (July 2006-July 2007), a total of 1629 MSDs and 2879 health clinic visits due to MSDs were registered in the garrison clinic. A total of 652 of 944 (69%) conscripts sustained one or more MSDs during the six-month service. Of these, 35% had one, 24% had two, 17% had three, 11% had four, 7% had five and 6% had from six to ten MSDs. A total of 194 (21%) conscripts suffered from long-term MSD (≥10 service days lost due to one or several MSDs). The event-based incidence rate for MSD was 10.5 (95% CI: 10.0-11.1) and the personbased incidence rate was 7.1 (95% CI: 6.6-7.7) per 1000 person-days, respectively. The MSD incidences for first (68%) and second (69%) arrival did not vary statistically significantly (P = 0.74).
Type and anatomical location of musculoskeletal disorders
Most MSDs were in the lower extremities (65%) followed by the back (18%), upper extremities including shoulders (11%), head (2%) and other parts of the body (torso excluding back; 3%) ( Table 2 ). The most common types of MSDs were lower limb overuse injuries (48%) and low back pain (16%). Overuse-related MSDs (70%) were more than twice as prevalent as traumatic MSDs (30%; Table 2 ).
Severity, immediate causes and associated activities of musculoskeletal disorders
The majority (69%, n = 1119) of disorders were classified as minimal leading to a maximum three-day exemption from military training, while mild MSDs accounted for 20% (n = 328), moderate for 8% (n = 138) and severe for 3% (n = 44) of all cases. Fractures (n = 15), bone stress injuries (foot n = 7, shin n = 5, femur n = 2, calcaneus n = 1; total 15 cases), dislocations (n = 22) and internal knee injuries (n = 25) represented the most severe injuries and accounted for the majority of long-term exemptions from military training. Twenty-eight (3.0% of all) conscripts were released temporarily (for at least six months) from military service due to MSDs after the two-week run-in period.
MSDs occurred mostly (93%) during military training. Some (7%) occurred during vacations and four cases (0.3%) while travelling to vacation or back to the garrison. Of the immediate causes of acute MSDs, falling down (17%) and collision with an object (16%) were most commonly associated with MSDs. The following immediate causes were: tackling or struggling during sports exercise (5%), jumping (5%), malposition of foot during ground contact (4%), traffic accident (4%), slipping (4%) and being compressed between two objects (4%). In 12% of acute MSDs, the immediate cause remained unclear. Marching and running (36%) were the most common activities associated with overuse-related MSDs, followed by carrying and lifting loads (10%) and other organised physical exercise excluding marches and combat training (6%). For 27% of overuse-related MSDs, however, the 
PUSH-UP TEST
Purpose: To assess dynamic strength of the upper body and the ability to stabilise the trunk.
Method:
The conscript starts from the lowest face-down position and hands are kept shoulder-wide level. During the push-up, a conscript was first required to fully extend his arms while keeping the body straight with tensed trunk muscles. In the second phase, the body was lowered to the down position with an elbow angle of 90°. 
BACK LIFT TEST
Purpose: To measure dynamic endurance of back and hipextensor muscles.
Method:
The conscript lies prone on the floor with hands behind the neck in the starting position. An assistant supports the legs (contrary to the picture). During the movement, the upper body is lifted until the scapulas are approximately 30 cm higher than in the starting point. Thereafter, the upper body is lowered down back to the starting position. 
RUNNING A FIGURE OF EIGHT
Purpose: To assess agility, speed and body control during rapid turns.
Method:
The conscript runs as fast as possible a figure of eight around two traffic cones placed 10 metres apart with the start/finish line next to one of the cones. The stopwatch is started concurrently with the starting signal and stopped when the subject crosses the start/finish line again.
Outcome: Time in seconds. Result were categorised in quartiles: 1st quartile (<6.03), 2nd quartile (6.03 ≤ time < 6.27), 3rd quartile (6.27 ≤ time ≤ 6.60), 4th quartile (> 6.60).
Diagram of the performance of running a figure of eight test.
Figure 8 Description of one-leg standing on a narrow beam test.
The test was performed for study purposes.
ONE-LEG STANDING ON A NARROW BEAM
Purpose: To measure efficiency of static postural control while the are of support is reduced.
Method:
The narrow beam (1cm wide) is placed on the floor. The person stands on one foot on bar with shoes on, the unsupporting foot off the floor. The conscript can choose which foot to stand on, and is allowed to use his arms to balance.
Outcome: Attempts needed to collect one minute total standing time is counted. The tester stops the watch every time the unsupporting foot touches the floor and restarts the watch when the foot is of the floor again. associated activity remained unclear due to the gradual onset of the MSD.
Risk factors of musculoskeletal disorders
Tables 3, 4, 5 and 6 show the distribution of variables and the hazard ratios of MSDI and long-term MSDI for various health (Table 3) , socio-economic (Table 4) , health behaviour (Table 5 ) and physical fitness variables (Table  6 ) in the univariate and adjusted models. With regard to health, we observed a strong association between obesity and MSDs. A BMI over 30 increased the risk for MSDI (HR 1.8; 95% CI: 1.3-2.4) and long-term MSDI (HR 1.9; 95% CI: 1.2-3.2). In addition, the preobese category (25 ≤ BMI < 30) was associated with MSDI, but not with long-term MSDI. Abdominal obesity (WC over 102 cm) was associated with a 1.7-fold risk for MSDI (95% CI: 1.3-2.2) and a 2.2-fold risk for long-term MSDI (95% CI: 1.3-3.5). A low self-assessed health level compared to age-mates was associated with both outcomes in univariate models, but not after further adjustments. Of the baseline medical conditions, the sum factor of musculoskeletal symptoms was the strongest predictor for both outcomes with a dose-response relationship. In addition, chronic impairment or disability due to earlier musculoskeletal injury and earlier sport injuries were associated with MSDI (Table 3) .
From the socio-economic background variables, a conscript's poor school success was associated with a twofold risk for MSDI (95% CI: 1.3-3.0) and a 2.2-folded risk for long-term MSDI (95% CI: 1.1-4.5) ( Table 4 ). In addition, father's occupation was associated with MSDI, but not with long-term MSDI. The company of the conscript was clearly associated with both outcome variables. During the 180 days of military service, the MSDI was lowest in the anti-tank and mortar companies and highest in the infantry company (Table 4) .
With regard to health behaviours, there was a strong association between detrimental health behaviour factors and MSDs based on the univariate analysis, but after further adjustments these associations weakened (Table 5) . Smoking, use of alcohol, frequency of drunkenness, physical inactivity, not participating in individual aerobic sports, not belonging to a sports club, low level of achievement in school sports and low self-assessed physical fitness were all associated with the both outcomes in univariate models. In the final model, however, only high frequency of drunkenness, not belonging to a sports club, and on other hand, participating in competitive sports were associated with MSDI. Present or former cigarette smoking and not belonging to a sports club were associated with the long-term MSDI in the final model (Table  5) .
High hazard ratios of MSD were observed in those conscripts with low levels of physical fitness test results ( Variable distribution was charted in 944 male conscripts during the first week of military service and MSD outcomes were registered during the following six-month military service. Long-term MSD was defined as an incidence of time loss of at least 10 active service days due to one or several MSDs. Statistically significant findings are indicated with bold type. * Adjusted for age (univariate). ** Adjusted for age, company, smoking, frequency of drunkenness before military service, baseline medical conditions (sports injury during the last month before military entry, chronic impairment or disability due to prior musculoskeletal injury, earlier musculoskeletal symptoms, chronic disease), school success (educational level and grades combined), father's occupation, opinion about physical demands for a soldier, urbanisation level of the place of residence, self-assessed health, waist circumference, height, participating in individual aerobic sports, last degree achieved in school sports, belonging to a sports club, self-assessed physical fitness, participation in competitive sports and physical activity during the previous three months before entering the military. 1 Not adjusted by waist circumference since BMI and WC strongly interconnected (χ 2 -test, p < 0.001). 2 Compared to age-mates. 3 'Minimal symptoms': maximum seven-day lasting symptom in one anatomical region during the last month before entering the military. 4 'Mild symptoms': symptoms in two to six anatomical regions, but the symptoms had lasted a maximum of one week during the last month before military entry. 5 'Clear symptoms': included the remaining conscripts. 6 Due to prior musculoskeletal injury. Other companies 5 16 ( Variable distribution was charted in 944 male conscripts during the first week of military service and MSD outcomes were registered during the following six-month military service. Long-term MSD was defined as an incidence of time loss of at least 10 active service days due to one or several MSDs. Statistically significant findings are indicated with bold type. * Adjusted for age (univariate). ** Adjusted for age, company, smoking, frequency of drunkenness before military service, baseline medical conditions (sports injury during the last month before military entry, chronic impairment or disability due to prior musculoskeletal injury, earlier musculoskeletal symptoms, chronic disease), school success (educational level and grades combined), father's occupation, opinion about physical demands for a soldier, urbanisation level of the place of residence, self-assessed health, waist circumference, height, participating in individual aerobic sports, last degree achieved in school sports, belonging to a sports club, self-assessed physical fitness, participation in competitive sports and physical activity during the previous three months before entering the military. 1 Attended upper secondary school, polytechnic or university and reported excellent or good grades. 2 Other subjects from upper secondary school, polytechnic or university and conscripts from vocational school whose grades were excellent or good. 3 Respondents with poorer grades in vocational school. 4 Attended only comprehensive school or had permanently interrupted vocational or upper elementary school. 5 Conscripts were moved to different brigades.
long-term MSDI in univariate models ( 
Discussion
In the present study, we examined risk factors for MSDs among male conscripts during a six-month military service. The findings indicated that a low level of physical fitness expressed by 12-minute running (Cooper's test) was clearly associated with MSD with a dose-response relationship, confirming the association of low levels of aerobic fitness and subsequent risk of injury [6] [7] [8] 18, [20] [21] [22] [23] [24] 36, 37] . Furthermore, we present new findings that poor results in standing long jump, push-up or back lift tests combined with poor result in Cooper's test are strong predictors for MSDs. In addition, higher WC and BMI, earlier musculoskeletal symptoms, poor school success and company were all clearly associated with MSDs elucidating previously equivocal findings. It was also observed that some military tasks specific to the company involve higher risks for MSDI than other tasks. Good entry-level physical fitness, normal BMI and normal WC were protective factors against MSDI in all companies suggesting that these intrinsic and modifiable risk factors are amenable for prevention programmes.
The main finding of the present study was the association between low physical fitness and MSDs. A number of studies have documented the association of low levels of aerobic fitness and subsequent risk of injury [6] [7] [8] 18, [20] [21] [22] [23] [24] 36, 37] , although a conflicting result was reported in a Finnish study of injury hospitalisations [9] . Poor muscular strength and endurance are also reported to be risk factors for injuries during military training, although not as frequently [7, 8, 23, 27] . A civilian study among intercollegiate basketball and track athletes clarified these findings by demonstrating that core stability has an important role in the prevention of lower extremity injuries [38] . The findings of the present study, that poor back lift or push-up test result combined with poor aerobic endurance (Cooper's test) are strong predictors for MSDs, support the importance of core strength and stability to protect against MSDs. Moreover, improved control of the lumbar neutral zone with trunk muscles decreases low back pain among middle-aged men [39] , a common MSD in the present study.
The US Army Physical Fitness Test includes a two-mile (3.2 km) run and push-up and sit-up tests. Hence, the finding that MSDs were associated with poor results in standing long jump and back-lift tests is new. In the present study, a combination of Cooper's test and lower extremity muscle fitness (standing long jump test) proved to be a strong predictor for MSDs with a dose-response relationship. The standing long jump requires efficient motor control of the whole body in addition to measuring power production of the lower limb extensor muscles. Moreover, the standing long jump test is a good marker of lower limb dynamic muscle strength [40] . The present finding suggests that in addition to good aerobic endurance, motor control and strength of the lower extremities are important factors of physical fitness in the prevention of MSDs during military training. However, criticisms have been raised with regard to army physical fitness tests because they tend to penalise larger, not just fatter, individuals because body weight acts as a load. Larger individuals receive lower scores than their lighter counterparts, although larger persons perform workrelated fitness tasks, such as carrying loads, better in a military environment [41] .
Individuals with lower aerobic capacity probably experience greater physiological stress than individuals with better aerobic fitness during long-term military basic training (marching, running, combat training), which may also predispose to MSDs [1, 7] . Various hypothetical mechanisms have been presented to explain this association. Conscripts with lower aerobic fitness levels may perceive military training as more difficult and fatigue more rapidly [42] . It has also been proposed that fatigue leads to changes in gait and kinematics in lower extremities [43, 44] which may result in musculoskeletal stress in specific body areas and predispose to injuries [45] .
Low levels of physical activity are associated with injuries in several military studies [3, 7, 11, 21, 37] . In the present study, low physical activity level during the three months prior to entering military service was associated with the risk of MSDI with a dose-response relationship, but only in the univariate models. This may be due to the fact that results in the final model were adjusted by other physical activity-related variables. Physical activity level before entry into the military service in particular, is associated with overuse injuries [10, 20, 23, 36, 46] suggesting that untrained conscripts overload their musculoskeletal structures and tissues more often than their active counterparts during military training. Among young civilians, high exposure to competitive sports participation is associated with a higher risk of injuries [47, 48] , consistent with the findings of the present study. In previous military studies, however, participation in competitive sports was not associated with MSDs [6, 21] . High running mileage is an evident risk factor for injuries based on several military [1, 3, 11, [14] [15] [16] [17] and civilian studies [49] [50] [51] , indicating that as the total amount of exercise increases, the injuries decrease first, until a point is reached at which injuries increase disproportionately with changes in physical fitness [49] .
In the present study, abdominal obesity and high BMI were associated with a higher risk for MSDI and longterm MSDI compared to smaller WC and normal BMI. In earlier studies, higher BMI was linked to an increased risk of injury during military service [6, 9, 26, 46] , although contradictory results indicating no association between BMI and injuries [24, 50] , and an association of lower BMI with injuries [21] are also reported. Mattila and colleagues [40] demonstrated that a high proportion of body fat measured by dual-energy x-ray absorptiometry (DEXA) is clearly associated with poor running performance and muscle strength among conscripts and proposed a stricter entry level BMI for Finnish conscripts. Morbidly obese persons might be temporarily discharged from the army in Finland, mainly on the basis of their subjective perception of being able to cope with military service [40] . Severely obese persons do not meet military entrance standards [7] in professional armies, which may partly explain the equivocal results from different studies.
Among the lifestyle characteristics, smoking, alcohol intake and frequency of drunkenness were clearly associated with MSDs in univariate models, but after further adjustments the associations weakened. The present finding that high frequency of drunkenness prior to the beginning of military service is a risk factor for MSDs has, to our knowledge, not been reported before. Risk taking behaviour and cognitive deficits are more common among smokers, which may partly explain the altered risk for MSDs in adjusted models [1, 52] . Moreover, smoking and alcohol intake are strongly associated with each other among young men [53, 54] which is consistent with the present data. This interaction attenuated the association Variable distribution was charted in 944 male conscripts during the first week of military service and MSD outcomes were registered during the following six-month military service. Long-term MSD was defined as an incidence of time loss of at least 10 active service days due to one or several MSDs. Statistically significant findings are indicated with bold type. * Adjusted for age (univariate). ** Adjusted for age, company, smoking, frequency of drunkenness before military service, baseline medical conditions (sports injury during the last month before military entry, chronic impairment or disability due to prior musculoskeletal injury, earlier musculoskeletal symptoms, chronic disease), school success (educational level and grades combined), father's occupation, opinion about physical demands for a soldier, urbanisation level of the place of residence, self-assessed health, waist circumference, height, participating in individual aerobic sports, last degree achieved in school sports, belonging to a sports club, self-assessed physical fitness, participation in competitive sports and physical activity during the previous three months before entering the military. 1 Compared to age-mates. between MSDs and predictive variables when both variables were placed in the same model. Altarac and colleagues [19] reported that cigarette smoking is associated with exercise-related injuries sustained during basic military training. After controlling for other factors, the adjusted odds ratio for smokers experiencing an exerciserelated injury during basic military training was approximately 1.5-fold compared to non-smokers. Similar findings have also been reported in other military studies [3, 11, 18, 25, 28, 37] . Although among young smokers, the aerobic capacity is similar to non-smokers [7] , smoking may be associated with MSDs in many other ways. Smoking causes a deficit in bone density [55] . This effect may be detected even in young healthy persons [56] . Several studies have concluded that smoking hampers wound and fracture healing and impairs fibroblast function [57, 58] . Overuse injuries are known to result from repetitive microtrauma leading to inflammation and local tissue damage [59] . There is no clear evidence, however, of the association between smoking and bone fractures among military recruits, because the underlying mechanisms are thought to depend on long-term exposure [19] . Overall, alcohol and smoking are probably indicators for risk-taking behaviour rather than causal risk factors for MSDs among the young during military training.
The finding of the present study that lower school success, a combination of educational level and grades in school, was associated with MSDs is concordant with some previous studies [12, 60] . These studies reported lower educational level as a risk factor for foot injuries [12] and military discharge [60] , but in general the association of poor school success and MSDs has not been investigated in the army setting. Lower grade of mental ability, however, is reported to be associated with acute musculoskeletal injuries [61] and severe low back pain [62] among young men.
It is well established that previous injury history is associated with a higher risk of injury during basic military training [3, 11, 14, 46] . In the present study, chronic impairment or disability due to earlier musculoskeletal injury and prior sports injury during the month before military entry were also associated with a higher risk for MSD. On the other hand, a past training injury may be a marker of past physical activity [20] . Musculoskeletal symptoms during the three months before military entry were strongly associated with MSDs in the present study. This predictive association is not generally investigated in the army environment, but musculoskeletal complaints are associated with a higher risk for premature discharge from military service [28] . 5 Poorer results than aforementioned, except the combination of poor results in both tests. 6 Poor result in Cooper's test and poor result in standing long jump/push-up/back lift tests. The results of civilian [63] and military [3, 7, 13, 14, 17 ] studies suggest that modification of running distance, frequency and duration may be effective toward preventing lower extremity injuries. A recent study by Finestone and Milgrom [17] reported a promising 60% decrease in stress fractures by reducing cumulative marching and by assuring a minimum sleep regimen in the Israeli army. Similar findings were reported in a previous study of soldiers in the US Army [4] . Both studies reported that these changes in military training did not lower the soldiers' combat readiness or physical fitness test results. The key element in military weight-bearing training to avoid overuse related MSDs is to gradually increase the distance, frequency and duration of training [3, 13, 14, 23] . A study of the Singaporean army, however, demonstrated that a formal pre-training conditioning programme may be more effective toward reducing attrition than training with a gradual increase in pace, which extended the basic military training by one month [64] . Similar findings from the US Army showed that pre-conditioning of lowfit recruits resulted in lower attrition and a tendency towards lower injury risk [65] . In the Finnish Defence Forces, as well as in other mandatory armies in Nordic countries, the proportion of conscripts with low physical fitness and obesity has increased dramatically over recent decades. This phenomenon may cause serious health problems in the future. In addition, the phenomenon forces military training programmes to adapt to these changes in mandatory armies [32, 40] .
A recently published randomised controlled trial from the Danish conscription army revealed that an exercise programme enhancing muscular strength, coordination, and flexibility based on intrinsic risk factors identified in previous studies was not effective in reducing the incidence of lower extremity overuse injuries [66] . This study was the first randomised, placebo-controlled study investigating the preventive effect of concurrent exercise programmes on overuse injuries in the military environment. The intervention was speculated to be more effective in situations with a more gradual increase in load [66] .
The present study has several strengths. First, the definition of MSD is clear. Moreover, the data regarding MSDs was collected using electronic patient files, which guaranteed a high coverage of MSDs because all patients who entered the garrison clinic were recorded in the computerised system. Second, the participation rate was high (98%). Furthermore, the design of the study was a prospective follow-up of two successive cohorts of conscripts with the aim of providing information on the risk factors of MSDs in an army environment during one entire year. The study limitations arise from the fact that, after the initial eight weeks of basic training, training programmes diverged depending on the company. Although the physical training was maintained at approximately the same level in different companies, the military training tasks were different. The presented associations between risk factors and MSDs were, however, adjusted by the company. In addition, because the threshold for seeking medical care may vary between individuals, some conscripts may have been more inclined to seek professional care than others.
The present study provides a wide spectrum of modifiable risk factors for MSDs. Although association does not indicate causality, increased knowledge of the risk factors and injury mechanisms is an essential component when planning intervention programmes. An appropriate intervention based on the results of the present study would be to increase both aerobic and muscular fitness prior to conscript training. Attention to appropriate waist circumference and BMI would strengthen the intervention programme. Well-planned randomised controlled studies are needed to provide more evidence from effective interventions before large-scale prevention programmes are initiated in a military environment.
Conclusions
The findings of the present study provide a reliable insight into the intrinsic risk factors for MSDs. This study showed that a low cardiorespiratory fitness level expressed by poor results in a 12-minute running test at entry into the military service is strongly associated with MSD in a dose-response manner. Furthermore, we found that co-impairments in cardiorespiratory and muscular fitness (i.e., poor results in Cooper's test combined with a poor result in standing long jump, push-up or back lift tests) are the strongest predictors for MSDs. In addition, abdominal obesity, high BMI, earlier musculoskeletal symptoms, poor school success and physically demanding military training tasks are clearly associated with MSDs. The majority of the observed risk factors are modifiable and favourable for future interventions. The present results suggest that a good result (≥2600 m) in the 12-minute running test is a desirable goal in a pre-training programme before entering military service.
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